The online version of this article, along with updated information and services, is located on www.asas.org at Serials/Acq. Dept., Library on November 24, 2011 jas.fass.org Downloaded from ABSTRACT: In 2 experiments, 602 pigs were used to evaluate the effects of fish meal, fermented soybean meal, or dried porcine solubles on phase 2 nursery pig performance. In Exp. 1, nursery pigs (n = 252; PIC TR4 × 1050; 6.8 kg initial BW and 7 d after weaning) were fed: 1) a control diet containing no specialty protein sources and the control diet with 2) 5% fish meal, 3) 3.5% dried porcine solubles, 4) 6.0% fermented soybean meal, 5) a combination of 1.75% fermented soybean meal and 1.75% dried porcine solubles, or 6) a combination of 3.0% fermented soybean meal and 2.5% fish meal. There were 7 replications with 6 pigs per pen. Experimental diets were fed for 14 d, and then all pigs were fed a common diet without specialty protein sources for 14 d. From d 0 to 14, pigs fed dried porcine solubles alone or with fermented soybean meal had improved (P < 0.05) ADG and G:F compared with pigs fed all other diets. Overall (d 0 to 28), pigs fed dried porcine solubles had improved (P = 0.01) ADG (421 vs. 383 g) and G:F (0.77 vs. 0.73) compared with pigs fed the control diet and had improved (P = 0.03) G:F (0.77 vs. 0.74) compared with pigs fed the combination of fermented soybean meal and fish meal. In Exp. 2, nursery pigs (n = 350; PIC C22 × 1050; 6.1 kg initial BW and 7 d after weaning) were fed 1) a control diet containing no specialty protein sources and the control diet with 2) 3% fish meal, 3) 6% fish meal, 4) 3.75% fermented soybean meal, 5) 7.50% fermented soybean meal, 6) a combination of 1.88% fermented soybean meal and 1.88% dried porcine solubles, or 7) a combination of 3.75% fermented soybean meal and 3.75% dried porcine solubles. There were 10 replications with 5 pigs per pen. Experimental diets were fed from d 0 to 14, and then all pigs were fed a common diet without specialty protein sources for 21 d. From d 0 to 14, pigs fed increasing fish meal had increased (quadratic, P = 0.05) ADFI. Pigs fed increasing fermented soybean meal had improved (quadratic, P = 0.01) G:F. Pigs fed the combination of fermented soybean meal and dried porcine solubles had improved (P < 0.05) ADG and G:F compared with pigs fed diets containing fish meal and had improved (P < 0.05) ADG and ADFI compared with pigs fed diets containing fermented soybean meal. Overall (d 0 to 35), pigs fed diets with increasing amounts of fermented soybean meal had improved (quadratic, P = 0.03) G:F. Feeding nursery pigs diets containing dried porcine solubles, either alone or in combination with fermented soybean meal, can improve growth performance compared with those fed high concentrations of soybean meal or fish meal.
INTRODUCTION
Several studies have shown that fish meal improves growth and immune system function in nursery pigs (Kim and Easter, 2001; Young et al., 2002; Gaines et al., 2005) . However, responses to fish meal tend to be inconsistent because of its variability (Wiseman et al., 1991) . Plant proteins, such as soybean meal, are less expensive than animal protein sources but contain antinutritional factors that are not suitable to be fed as the sole protein source postweaning (Li et al., 1990 (Li et al., , 1991 Friesen et al., 1993; Qin et al., 1996) . Research has indicated that pigs fed fermented, rather than solventextracted, soybean meal have improved feed efficiency and AA digestibility (Min et al., 2004; Kim et al., 2007; Cho et al., 2008) . The fermentation process is thought to eliminate residual trypsin inhibitors and some oligosaccharides in soybean meal that can decrease pig performance. Another possible protein source for nursery diets is dried porcine solubles, a coproduct of the heparin (a human pharmaceutical product) industry. The solubles are made from porcine intestinal mucosa and contain increased quantities of digestible peptides and AA (Maxwell and Carter, 2001) . Newly weaned pigs have a considerable capacity to absorb peptides in the small intestine (Gilbert et al., 2008) . Dried porcine solubles have previously been shown to improve growth performance of nursery pigs, possibly because the product supplies an increased quantity of these small peptides (Zimmerman et al., 1997; Lindemann et al., 1998; Carter et al., 1999; DeRouchey et al., 2003) .
Effects of fermented
Although the positive effects of dried porcine solubles have been demonstrated in nursery pigs, less information is available on fermented soy products or the combined use of these protein products. Therefore, the objective of these experiments was to evaluate the effects of fish meal, fermented soybean meal, and dried porcine solubles on growth performance of phase 2 nursery pigs.
MATERIALS AND METHODS
Experimental procedures were approved by the Kansas State University Animal Care and Use Committee (number 2461). Specialty proteins used in Exp. 1 and 2 were from the same batches. They were sampled and analyzed for CP and AA (AOAC, 2000; Table 1 ).
Exp. 1
A total of 252 pigs (TR4 × 1050, PIC Hendersonville, TN) were used in a 28-d growth trial to evaluate the effects of fish meal, fermented soybean meal, and dried porcine solubles on nursery pig performance. Pigs were housed in the Kansas State University Swine Teaching and Research Center in Manhattan. There were 6 pigs per pen and 7 pens per treatment. Each pen (1.2 m 2 ) contained one 4-hole dry self-feeder (61 cm long) and 1 nipple waterer to provide ad libitum access to feed and water. At weaning (21 ± 2 d of age and 5.76 kg of BW), all pigs were fed 454 g of a pelleted starter diet that was formulated to be 1.56% standardized ileal digestible Lys and containing 5% dried whey, 6.7% spray-dried animal plasma, and 6% select menhaden fish meal (DeRouchey et al., 2007) . After the 454-g allowance was consumed, pigs were fed a transition diet formulated to be 1.51% standardized ileal digestible Lys and containing 25% dried whey, 2.5% spray-dried animal plasma, 2.5% spray-dried blood cells, and 2.5% select menhaden fish meal for the duration of the 7-d acclimation period. During this acclimation period, ADG was 149 g/d, resulting in 6.8-kg pigs at the beginning of the study.
Pigs were blocked by BW and allotted to 1 of 6 dietary treatments. The 6 experimental treatments were 1) a negative control, 2) 5% select menhaden fish meal (Omega Protein Corp. Houston, TX), 3) 3.5% dried porcine solubles (DPS 50, Nutra-Flo, Sioux City, IA), 4) 6.0% fermented soybean meal (PepSoyGen, Nutra- Nutrient values from the NRC (1998).
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Mean value of 1 sample analyzed in duplicate. Nutrient values provided by the manufacturer (Nutra-Flo).
Flo), 5) 1.75% fermented soybean meal and 1.75% dried porcine solubles, and 6) 3.0% fermented soybean meal and 2.5% select menhaden fish meal (Table 2) . Treatments 2 through 6 were formulated with the same dietary soybean meal concentration (31.4%). Because standard standardized ileal digestible values were not available on the fermented soybean meal product evaluated, diets were formulated on a total AA basis. Treatment diets were fed for 14 d, and then all pigs received a common diet for 14 d. All diets were fed in meal form. Average daily gain, ADFI, and G:F were determined by weighing pigs and measuring feed disappearance at 7-d intervals.
Exp. 2
A total of 350 nursery pigs (C22 × 1050, PIC, Hendersonville, TN) were used in a 35-d growth trial to evaluate the effects of fish meal, fermented soybean meal, and the combination of fermented soybean meal and dried porcine solubles on weanling pig performance. The study was conducted at the Kansas State University Segregated Early Weaning Facility in Manhattan. Pigs were weaned at 19 ± 2 d of age and fed the same sequence of diets used in Exp. 1 for 7 d. Pigs were not weighed at weaning; therefore, the 7-d pretest acclimation period ADG could not be determined. Pigs were blocked by BW and allotted to 1 of 7 dietary treatments. There were 5 pigs per pen and 10 pens per treatment. Each pen (1.5 m 2 ) contained one 4-hole dry self-feeder (44 cm long) and 1 cup waterer to provide ad libitum access to feed and water.
The 7 dietary treatments were 1) a negative control diet and the control diet with 2) 3% select menhaden fish meal, 3) 6% select menhaden fish meal, 4) 3.75% fermented soybean meal, 5) 7.50% fermented soybean Pigs were fed a common diet from weaning for 7 d; experimental diets were then fed for 14 d, followed by a 14-d common period. Values for fish meal were from NRC (1998), and values for fermented SBM and dried porcine solubles were provided by the manufacturer (Nutra-Flo).
Specialty protein sources for nursery pigs meal, 6) 1.88% fermented soybean meal and 1.88% dried porcine solubles, and 7) 3.75% fermented soybean meal and 3.75% dried porcine solubles (Table 3) . Treatment diets 2, 4, and 6 were formulated with 35.7% soybean meal, whereas diets 3, 5, and 7 had 29.8% soybean meal. Because standard standardized ileal digestible AA values were not available on the fermented soybean meal product evaluated, diets were formulated on a total AA basis. Treatment diets were fed for 14 d, and then all pigs received a common diet for 21 d. All diets were fed in meal form. Average daily gain, ADFI, and G:F were determined by weighing pigs and measuring feed disappearance at 7-d intervals.
Statistical Analysis
Data were analyzed as a randomized complete block design with pen as the experimental unit. Data were analyzed by ANOVA in the MIXED procedure (SAS Inst. Inc., Cary, NC), with the BW block as a random effect and treatments as fixed effects. Differences among treatment means were assessed by the PDIFF option when the F-test was significant (P < 0.05).
In Exp. 2, preplanned linear and quadratic contrasts were used to determine the effects of increasing concentrations of fish meal, fermented soybean meal, or a combination of fermented soybean meal and dried porcine solubles. For all contrasts, the negative control diet without the protein source evaluated was used as the first dose amount. Additional contrasts were used to compare the means of the effects of fish meal or fermented soybean meal addition vs. the effects of inclusion of the combination of fermented soybean meal and dried porcine solubles. Means were considered significant if their P-values were <0.05 and were considered trends if their P-values were <0.10. Pigs were fed a common diet from weaning for 7 d; experimental diets were then fed for 14 d, followed by a 21-d common period. Values for fish meal were from NRC (1998) and values for fermented soybean meal and dried porcine solubles were provided by the manufacturer (Nutra-Flo).
RESULTS
The results of the CP and AA analyses of the specialty protein sources were generally consistent with values supplied by the manufacturer that were used in diet formulation (Table 1) . However, the analyzed Lys concentration for dried porcine solubles was greater than the formulated value (3.81 vs. 3.10%).
Exp. 1
From d 0 to 14, pigs fed dried porcine solubles alone or in combination with fermented soybean meal had improved (P < 0.05) ADG compared with pigs fed all other diets (Table 4) . Pigs fed dried porcine solubles tended to have increased (P < 0.10) ADFI compared with pigs fed the negative control diet or the diet containing the combination of fermented soybean meal and fish meal. Pigs fed dried porcine solubles with or without fermented soybean meal had improved (P < 0.05) G:F compared with pigs fed the negative control diet or diets containing fish meal with or without fermented soybean meal. Pigs fed dried porcine solubles had improved (P < 0.05) G:F compared with pigs fed fermented soybean meal. Finally, pigs fed the combination of fermented soybean meal and dried porcine solubles tended to have improved (P < 0.10) G:F compared with pigs fed fermented soybean meal alone.
During the 14-d period when pigs were fed a common diet, pigs previously fed fermented soybean meal alone or in combination with fish meal had increased ADG (P < 0.05), and pigs previously fed fish meal alone tended to have increased (P < 0.10) ADG compared with pigs fed the combination of fermented soybean meal and dried porcine solubles. Pigs previously fed the combination of fermented soybean meal and fish meal also tended to have increased (P < 0.10) ADFI compared with pigs fed the combination of fermented soybean meal and dried porcine solubles.
Overall (d 0 to 28), pigs fed dried porcine solubles had improved (P < 0.05) ADG compared with pigs fed the control diet and tended to have improved (P < 0.10) ADG compared with pigs fed the diet containing the combination of fermented soybean meal and fish meal. Pigs fed fermented soybean meal alone also tended to have increased (P < 0.10) ADG compared with pigs fed the control diet or the diet containing the combination of fermented soybean meal and fish meal. Pigs fed dried porcine solubles alone had improved (P < 0.05) G:F compared with pigs fed the control diet or the combination of fermented soybean meal and fish meal and tended to have improved G:F compared with pigs fed only fish meal. Pigs fed diets containing the combination of fermented soybean meal and dried porcine solubles also tended to have improved (P < 0.10) G:F compared with pigs fed the control diet.
Exp. 2
From d 0 to 14, pigs fed increasing concentrations of fish meal tended to have increased and then decreased (quadratic, P = 0.08) ADG and ADFI; however, G:F tended to increase (linear, P = 0.07; Table 5 ). Feeding increasing concentrations of fermented soybean meal did not influence ADG or ADFI but did improve (quadratic, P = 0.01) G:F. Pigs fed increasing concentrations of the combination of fermented soybean meal and dried porcine solubles tended to have improved a-c Within a row, means without a common superscript differ (P ≤ 0.05).
x-z Within a row, means without a common superscript differ (P > 0.05 to P < 0.10). 1 A total of 252 pigs (initial BW, 6.8 ± 1.8 kg) were used in a 14-d growth assay. Pigs were blocked by initial BW and randomly allotted to 1 of 6 treatments with 6 pigs/pen and 7 pens/treatment.
2 Special Select Menhaden Fish Meal (Omega Protein Corp., Houston, TX). 3 DPS 50 (Nutra-Flo, Sioux City, IA). 4 SBM = soybean meal (PepSoyGen, Nutra-Flo).
(linear, P = 0.06) ADG and had improved (P = 0.01) G:F. In addition, pigs fed the combination of fermented soybean meal and dried porcine solubles had improved (P < 0.05) ADG and G:F compared with pigs fed diets containing fish meal and had improved (P < 0.05) ADG and ADFI, respectively, compared with pigs fed diets containing fermented soybean meal. There were no treatment differences for ADG or ADFI from d 14 to 35 (common period). Overall (d 0 to 35), pigs fed increasing concentrations of fermented soybean meal had improved (quadratic, P < 0.05) G:F, and pigs fed increasing concentrations of the combination of fermented soybean meal and dried porcine solubles tended to have improved (linear, P = 0.06) G:F.
DISCUSSION
Plant protein products, such as soybean meal, are generally less expensive than animal protein sources but may contain antinutritional factors such as glycinin and β-conglycinin, which have been demonstrated to be detrimental for newly weaned pigs (Stokes et al., 1984; Li et al., 1990 Li et al., , 1991 Friesen et al., 1993; Qin et al., 1996) . Newly weaned pigs often experience hypersensitivity to soy protein but begin to develop tolerance after 7 to 10 d (Barratt et al., 1978) . Other proteins, especially from animal-based sources that are highly digestible, are commonly fed to stimulate ADFI and ADG in nursery pigs postweaning to help avoid this period of transient hypersensitivity.
Of these animal protein sources, fish meal is a highprotein feed ingredient with a desirable AA profile for nursery pig diets. Church and Kellems (1998) indicated that fish meal contains the AA that are generally deficient in cereal grains, in addition to vitamins and minerals that are often deficient in other protein sources. In particular, fish meal contains increased concentrations of sulfur AA. Kim and Easter (2001) , Young et al. (2001) , and Gaines et al. (2005) showed that dietary fish meal increased both growth performance and resistance to disease in nursery pigs. However, Wiseman et al. (1991) indicated that fish meal is highly variable because of the quality of fish and processing factors. Using special select menhaden fish meal, Kim and Easter (2001) and Young et al. (2001) showed inconsistency in growth responses, even when feeding the same batches of fish meal. An inconsistent response was also found in our studies, in which nursery pigs fed 3% fish meal (Exp. 2) tended to have increased ADG and ADFI but pigs fed either 5 (Exp. 1) or 6% (Exp. 2) fish meal had ADG and ADFI similar to control pigs from d 0 to 14. We have no explanation why pigs fed the 5 or 6% fish meal diets had ADG similar to pigs fed the control diet because Stoner et al. (1990) observed 4 to 8% fish meal to be optimal for starter pigs. Bergström et al. (1997) suggested that pig health status can affect the magnitude of growth response in pigs fed fish meal. Disease-challenged pigs may have a greater response to fish meal than healthier pigs. Pigs in our studies were very healthy, which may help explain some of the variation in response to diets containing fish meal.
Another animal-based protein product is dried porcine solubles, a refined porcine intestinal mucosa derived from heparin production. Our data confirm earlier research in that pigs fed dried porcine solubles had improved ADG compared with other protein sources (Zimmerman et al., 1997; Lindemann et al., 1998; Carter et al., 1999; DeRouchey et al., 2003) . In our study, pigs fed dried porcine solubles alone or in combination with fermented soybean meal had improved ADG compared with pigs fed the control diet or diets containing fish meal, fermented soybean meal, or the blend of fermented soybean meal and fish meal. Because of the response to fermented soybean meal alone compared with that of pigs fed dried porcine solubles, the benefits of their combination are likely due to the dried porcine solubles.
In our diet formulation, we used nutrient values provided by the ingredient manufacturer. Most AA were similar between these formulated values and actual analyzed values, with the exception of Lys in dried porcine solubles (3.10 vs. 3.81%). This greater Lys content could have been the cause of the improved growth performance, but the relatively small inclusion of the dried porcine solubles would change the total Lys content of the diet by only 0.025 percentage units.
To further develop diets without animal-based protein products and to achieve similar performance, new soybean meal processing technologies are continually being examined. It is believed that additional processing of the soy protein may decrease the hypersensitivity problems found when these proteins are fed to newly weaned pigs. Previous research indicates that fermented soybean meal products may increase nutrient digestibility and growth performance in nursery pigs (Min et al., 2004; Kim et al., 2007; Cho et al., 2008) . However, the effect of fermented soybean meal in North American-type diets has not been fully evaluated. In our studies, pigs fed increasing concentrations of fermented soybean meal alone had improved G:F in one study, whereas in the second study, pigs fed fermented soybean meal tended to have increased ADG compared with pigs fed the control diet. This is in agreement with research reported by Kim et al. (2007) and Cho et al. (2008) , which showed that pigs fed increasing concentrations of fermented soybean meal had increased G:F. Cho et al. (2008) suggested that increased efficiency in pigs fed fermented soybean meal was due to improved nutrient digestibility, specifically His and Lys. Min et al. (2004) showed that pigs fed increasing concentrations of fermented soybean meal had increased ADG and improved His, Lys, and Thr digestibility compared with pigs fed 5% spray-dried animal plasma. Similarly, Kim et al. (2007) found that pigs fed increasing concentrations of fermented soybean meal had improved ADG, ADFI, and G:F and concluded that this was due to pigs fed fermented soybean meal having increased digestibility of all nutrients except P. Cho et al. (2008) demonstrated that although feeding fermented soybean meal increased G:F and His and Lys digestibility, ADG was not improved.
Although specialty protein sources can be fed individually in a complete diet, combining them may provide complementary benefits. It has been suggested that feeding dried porcine solubles in addition to other protein sources may have additive effects on pig performance. For instance, found that including 3% dried porcine solubles with 6% spray-dried animal plasma maximized growth performance from d 0 to 21 postweaning. Our data show that feeding alternative protein sources such as dried porcine solubles, either alone or in combination with fermented soybean meal, can improve growth performance compared with pigs fed diets with large concentrations of soybean meal or fish meal.
